New design of silicon stripixel sensor has been developed at BNL for PHENIX upgrade. The sensor is a singlesided, DC-coupled, two-dimensional position sensitive device with good position resolution. This design is simpler for sensor fabrication and signal processing than the conventional double-sided strip sensor. HPK has produced pre-production stripixel sensors with thickness of 625 μm. The quality assurance tests show that the very low leakage current 0.12 nA per strip allows the use of the SVX4 chip. A long term stability test shows that the leakage current is stable over a long period of time. The study of the effects of irradiation on the performance of the stripixel sensor has been made using p+p collisions at 200 GeV at PHENIX, 14 MeV neutron and 20 MeV proton beams. 
Motivation for PHENIX detector upgrade
The PHENIX experiment [1] at the Relativistic Heavy Ion Collider (RHIC) at Brookhaven National Laboratory (BNL) has been successful in unlocking the mysteries behind heavy-ion reactions in ultra-relativistic energies [2] . The observables have given important insight into the nature of the matter being produced in Au+Au collisions at RHIC energies but they have also given rise to many intriguing questions. Further work remains however in heavy-ion reactions and also in polarized p+p collisions [2] .
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The recent results from PHENIX on the suppression [3] and flow [4] Sensitivity of the present measurements of combined bottom and charm quarks will be improved by the central silicon vertex tracker which is proposed as a PHENIX upgrade plan [5] and it will allow us to separate charm and bottom quarks as well as separating them from light flavor quarks.
In the QCD picture, the proton is made from valence quarks, a sea of the quark-antiquark pairs and gluons. The spin of the proton should be explained by the sum of spin of quarks and gluons, and their orbital angular momentum. The contribution from quark spin has been measured by the polarized lepton deep inelastic scattering experiment (DIS). However it is only 20% of the proton spin. Since the gluons can not interact with leptons, DIS is not the best way to investigate gluon contributions. Therefore polarized p+p collisions will use gluons and quarks as probes to interact with gluons. In PHENIX, we have measured the double longitudinal-spin asymmetry A LL of π 0 production in polarized p+p collisions [6] . In this process, π o carries only a fraction of the momentum of the scattering quark or gluon. More direct information of the gluon polarization will be obtained by measuring A LL of direct-photon and heavy quark production using the PHENIX east-arm spectrometer and the central silicon vertex tracker.
The central silicon vertex tracker consists of four layers of barrel detectors, and covers 2π azimuthal angle and |η| <1.2. The inner two layers are silicon pixel detector and the outer two layers are silicon stripixel detectors. Fig.1 illustrates the silicon sub-detectors planned for the upgrade. In this paper, we will discuss the technology choices in the design, the quality assurance tests of the sensors and the study of the effects of irradiation on the stripixel sensors.
Novel stripixel sensor design and specifications
A novel stripixel silicon sensor has been developed at BNL [7] . The silicon sensor is a single-sided, DC-coupled, two dimensional (2D) sensitive detector. This design is simpler for sensor fabrication and signal processing than the conventional double-sided strip sensor. Each pixel from the stripixel sensor is made from two interleaved implants (a-pixel and b-pixel) in such a way that the charge deposited by ionizing particles can be seen by both implants as presented in Fig1. A. The a-pixels are connected to form a X-strip as is presented in Fig.1 .B. The b-pixels are connected in order to form a U-strip as is presented in Fig.1 .C. The stereo angle between a X-strip and a U-strip is 4.6 o .
The cross section of the silicon sensor is presented in Fig.3 . The basic functionality of the sensor is simple; signal charges (electron-hole pairs) generated for example by particles produced from collisions are separated by the electric field, the electrons moving to the n+ side, holes to the p+ side, thus producing an electric signal which can be amplified and detected. In Fig.3 ., the first Al layer is the metal contacts for all pixels. All X-strips are routed out by the first metal Al layer. All U-strips are routed out by the second metal Al layer. Table 1 .
Pre-production and quality assurance tests
Novel stripixel silicon sensor technology developed for the PHENIX upgrade, including the mask design and processing technology, has been transferred from BNL to sensor fabrication company Hamamatsu Photonics (HPK) located in Japan, for mass production. In 2005, HPK delivered the first pre-production wafers with a thickness of 625 µm. Upon request HPK also produced wafers with a thickness of 500 µm by thinning a subset of the 625 µm wafers. The dicing of the pre-production sensors was done at BNL and HPK. A Photo of one stripixel sensor of pre-production is shown in Fig.4 .
Stripixel sensor testing of the pre-production has been done at three institutions, BNL, Stony
Brook University (SBU), and University of New Mexico (UNM). Each sensor underwent a visual inspection. On each sensor detailed measurements were performed. The 500 µm sensors were found to have a higher leakage current (the guard-ring current: 6 µA at V FD =120 V) than To measure the total leakage current (I tot ) of the sensor and eventually to extract the leakage current per strip (I strip = I tot /N tot where the total number of strips N tot = 12 sections x 128 strips = 1536 strips), two sensors that passed the quality assurance tests were mounted on two independent Print Circuit (PCBs) and wire bonded by a private company. The current and capacitance as a function of bias voltage were measured and normalized to 20 o C and they are presented in Fig.6 . We have studied the stability of the leakage current as function of time for a long period (22 days) and the temperature has been monitored for the same period, see Fig.7 . We observe that the leakage current is relatively stable as a function of time and it has good correlation with the temperature of the clean-room.
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In Fig.6 , the measured total leakage current per stripixel can be obtained as I tot = 179 nA this implies I strip = 179/1536 strips= 0.12 nA which is very low and it allows the use of the SVX4 chips, which have a hard limit of 15 nA/strip. This hard limit comes from that the leakage current from the DC-coupled sensor will rapidly saturate the SVX4 input preamp. The preamp dynamic range is 200 fC, which will saturate in 500 µsec with a 0.4 nA/strip. However, we can issue a preamp-reset signal once per RHIC abort (~ 13 µsec). In fact, this reset frequency limitation puts a hard limit on the maximum acceptable leakage current. If the leakage current stays below this limit, we should not expect problems.
Radiation damage
It is well known that the leakage current grows with radiation exposure and also that the increase in leakage current is worse for higher temperature. The radiation study has important implications for the operating temperature requirements for DC-coupled sensors.
To study irradiation effect on the performance of the real silicon stripixel sensor, we mounted two silicon stripixel sensors on two PCBs with all stripxels wire bonded to a single line on each PCB in order to measure the total leakage current before and after irradiation. The two silicon stripixel sensors on PCBs along with 16 silicon diodes were mounted on stand which was represented by vertical point line in Fig.8 . From Fig.8 , one can read that in order to keep the current below 15 nA (horizontal dashed line in Fig.8 ) at a dose 3.3 x 10 12 n-eq./cm 2 we need to be able to operate at low temperature T < 0 o C.
Summary
The silicon vertex tracker is an upgrade project for the PHENIX experiment at RHIC. The detector design is comprised of a four-layer barrel, two inner layers of silicon pixel and two outer layers of silicon stripixel with new "spiral" design. In this paper, we present the physics capability added to PHENIX by the new silicon vertex tracker, the technology choices in the 
